This study evaluated stability, maturity and the efficacy of different poultry litter for possible use in container plant production. Three types of poultry manure-Battery cage (BC), Deep litter (DL) and Free range (FR) were used, with Kraal manure (KM) as a comparison. The experiment was set up as a Split-split design with 6 replications. Composting period was main plot, poultry manure type the split plot and mixing ratio as the splitsplit plot. The litter was mixed with garden soil in 2 ratios (3:1 and 1:1 soil: manure ratio) and tested for up to 12 weeks. Rape (Brassica napus) was used as a bioassay for maturity, which was determined at 1 month, 2 months and 3 months. The pH declined slightly from 7 to about 6 for all treatments except for the kraal manure. Respiration trends were similar to electrical conductivity. Within 2 weeks of curing the respiration rate for all manures declined to below 4 mg CO 2 -C/ kg. At the end of 12 weeks curing Battery cage had highest total nitrogen (2.32 %), followed by Free range (1.25 %), Deep litter (0.73 %) and Kraal manure was lowest at 0.35 %). Maturity (rape survival) increased with compositing time. After 3 months of curing Kraal manure had highest survivability of rape. The DL at 1:1 ratio had the lowest survival of 67%. At 12 weeks except for BC at 3:1 all treatments had 100 % survival. The results showed that nitrogen rich manures (DL and BC) needed longer curing in order for them to reach maturity.
Introduction
The world population has continued to grow and it is projected to plateau at 9 billion in the middle of this century (Godfray et al., 2010) . Together with this growing population and increased incomes comes higher consumption and greater demand for processed foods and meat, all of which add to pressure on the food supply system. Poultry is one of the important affordable animal protein sources. Using the year 1960 as a baseline, it has been estimated that there has been almost 5-fold increase in number of chickens produced worldwide (FAOSTAT, 2009) . In Zambia, annual poultry production was estimated at 175 million in the year 2015 (Anonymous, 2016) . With an annual output of 25 kg of fresh manure per bird this represents 4,375 million metric tons of manure (Mohamed, 2007) . Due to urine and solid wastes being excreted together, poultry manure is rich in nitrogen. However, fresh manure can be injurious to plants and unprocessed manure when stored in open air rapidly loses its N due to high proteolytic activity (Mohamed, 2007) . Thus, it is a challenge to ensure timely processing of poultry manure to prevent rapid decomposition and loss of nutrients (Muller, 1984) . Some of the emerging waste management concepts are to change perception of waste being considered as a nuisance to a resource that can be recycled or converted to useful by-products (Brockmann, Pradel & Helias, 2018) . Waste recycling especially in the informal sector has emerged as a livelihood and poverty reduction strategy particularly in the absence of official recycling systems (Uddin & Gutberlet, 2018) .
Over-application of manure results in plants not being able to utilize the contained nutrients thereby exacerbating pollution as excessive nitrates and phosphorus leach into the ground water (Guo et al., 2012) . Stability and maturity of manure or compost are often referred to as the compost quality. Stability typically refers to microbial activity and can be defined by the respiration index or the conversion of various chemical species in compost to organic matter. Temperature, age and C: N ratios are important indicators of stability (Gao et al., 2010 and Guo et al., 2012) . Maturity refers to the extent of degradation of phytotoxic organic substances and is generally measured by the germination index or plant bioassays. Stable and mature compost can be applied to soil as an organic amendment to improve plant growth and soil fertility, as well as enhancing the function of soil for carbon sequestration).The application of unstable and immature compost fixes nitrogen in the soil and restricts plant growth by competing for oxygen in the rhizosphere and releasing toxic substances).
Compost is organic matter that has undergone partial thermophilic, aerobic decomposition-an environmentally safe process is called composting (Raviv, 2005) . The combination of different raw materials and the chosen composting method yields products with a wide range of characteristics, in terms of organic matter (OM) content, nutrient content, potential for disease suppresiveness and other physical, chemical, and biological properties (Guo et al., 2012) .
Rising costs of chemical fertilizers and growing awareness of the negative impact of agro-chemicals including fertilizers on both the environment and human health call for new agricultural practices (Conservation Farming Unit [CFU], 2017; Sitko et al., 2011) . The two common horticultural uses of composts are as soil amendment for vegetable and fruit crops, and as an ingredient in container media (Agro & Zheng, 2014) . The importance of compost's use as a constituent in container media is steadily growing mainly as a result of the increase in the use of container raised plants. Guo et al., (2012) gave three main reasons for increased use of composts is horticulture: 1) Various composts act just as well as peat moss in container media, but their cost is considerably lower. 2) Mature composts may suppress many soil borne diseases. 3) In many cases, non-edible crops, such as ornamentals, forest and garden trees and shrubs, etc., can serve as a safe outlet for composts that may be considered as non-desirable for food crop production. Unlike other treatment methods for organic waste, such as land-filling or incineration, composting does not cause severe pollution due to air pollution or leachates reaching groundwater, (Dalemo, 1999) . Raviv (2005) noted the large variety of types of raw materials, composting procedures, and the array of composting durations allows an almost endless permutation of compost types.
This study evaluated the efficacy of different poultry litter as manure and the effect of curing duration and soil: manure mixture ratios needed to turn the litter into usable compost or potting mixture. Rape (Brassica napus) was used as test crop for manure maturity. It is anticipated that the findings of this work will contribute to a better understanding of poultry litter and also assist in developing novel effective utilization systems that have low environmental impact.
Materials and Methods

Location
The research study was conducted at the University of Zambia, School of Agricultural Sciences Field Station (15° 24'S and 29° 18 E), and consisted of field and pot experiments. The pot experiments were carried out in a shade house with about 80 % light transmissivity.
Manure Types
Deep litter manure was obtained from University of Zambia's poultry unit. Broiler chickens were kept in a deep litter system with birds kept in a room with the floor covered with a litter made of course pine wood shavings. The birds' droppings and food spilling from feeders mix with litter. The birds are kept for about 6 weeks and then sold, after which the litter is removed from the house and discarded. Battery cage manure (BC) was obtained from battery cages where birds kept for eggs are raised in multi tired wire cages and fed and watered in these enclosed wire cages. The droppings fall on the floor and are collected periodically. In this study the BC was obtained from Machungwa farm located 25 km west of Lusaka. Free range manure (FR) was collected from Springfield smallholding in Katuba area, 15 km north of Lusaka. In the free range system the birds are allowed to roam freely in the homestead and are only housed at night. The system is common in rural communities and typically involves local traditional breeds of chicken. Kraal (K) manure was obtained from the University's Animal Science Department cattle pens where the beef cattle were allowed to graze pastures freely.
Manure Composting
All the four kinds of manures were mixed with garden soil in a ratio of 1:1 on volume basis. The soil had the following characteristics; total nitrogen (0.11 %), phosphate (P 2 0 5 ) 9.40 mg kg -1 ; K 0.50 cmol kg -1 ; 1.37 % carbon and a pH of 6.56. The mixture was moistened slightly with water, and care was taken to avoid leaching of nutrients or creation of dump conditions. The soil-manures were mixed homogeneously using a spade. The mixture were piled on a concrete slab and covered with a common black polyethylene sheet. The mixtures were allowed composted for 3 different periods; 1 month, 2 months and 3 months. When they exhibited dryness the mixture was re moistened with addition of small amounts of fresh water of not more than 10% of the soil/ manure mixture mass. Every two weeks, the materials were turned to improve aeration and samples were collected for analysis in the laboratory. The samples were analyzed for the following parameters: 1) pH-CaCl 2, 2) Electric conductivity, 3) Total nitrogen, 4) Organic carbon, 5) Soil respiration.
Chemical Analysis
Total nitrogen (N) was determined by the Kjeldahl digestion-distillation method (Bremner, 1982) . Soil organic matter was determined according to the Walkey and Black (1933) . Soil pH was determined by using a soil/organic manure water medium at a ratio of 1:2.5 using a digital electronic pH meter. Pile temperature readings were taken on the day of turning the compost and on the 2 nd and 5 th day after turning.
Manure Maturity and Rape Survivability
The vegetable used in the growing trials was Brassica napus (rape) cv. Giant rape. The seedlings were raised at the University of Zambia, School of Agricultural Sciences Field station as recommended by Mingochi and Lucheni (2000) . After each composting duration treatment, samples of the different manures were collected and mixed with garden soil in two different ratios for planting with rape. The mixing ratio consisted of either of equal volume of compost and soil (1:1) or 3 parts soil with 1 part of compost (3:1). Each treatment was replicated 6 times. The rape seedlings were planted in 15 cm diameter polyethylene pots with a 180 cm 3 volume. Seedlings of rape were transplanted to pots when they were about 10cm tall. Leaf number, plant height, leaf area and fresh biomass were monitored.
The test plant used to determine maturity was Brassica napus (rape) cv. Giant rape obtained from Zamseed Co Zambia Ltd. The seedlings were raised at the University of Zambia, School of Agricultural Sciences under standard nursery practices as recommended by Mingochi and Lucheni (2000) . The rape seedlings were planted in 15 cm diameter polyethylene pots with a 180 cm 3 volume.
Experimental Design
The experiment was set up as a Split-split design with 6 replications (Sokal & Rolfe, 1981) . Composting period was main plot, poultry manure type the split plot and mixing ratio as the split-split plot. The treatments used were; poultry manures from deep litter managed birds (broilers), battery cage managed birds (layers), free range birds and kraal manure, which was used as a control. The data was subjected to analysis of variance (ANOVA) and means separated using the Least significant difference method. GENSTAT 16 and Microsoft Excel spread sheet software were used to analyze the data.
Results and Discussion
The type of manure and curing duration had an effect on the chemical and related parameters of the composting product. Secondly, most parameters including the mixing ratios of soil and manure affected the development and yield of the rape test crop. Figure 1 shows changes in pH, electrical conductivity (EC), respiration and total carbon content during the curing period of the different manures. Over the 12 week period the pH declined from about 7 to about 6 for all treatments ( Figure. 1A ) except for the kraal manure which had a higher pH of about 7. The soil electrical conductivity differed among the different manures from the start and all materials exhibited different trends ( Figure. 1B) . Electrical conductivity measures the dissolved salts in the soil solution. Therefore high soil conductivity affects the osmolarity of plant cells that will come in contact with such a soil solution. The Battery cage (BC) had the highest EC at 3.1 (mS -1 cm), it fell to 1.25 at 4 weeks and then briefly rose to 3 in week 6, fell to 1.5 before rising to almost the 3 the level at the start of the curing. Kraal manure had the lowest overall EC 0.75 mS -1 cm at the start of the curing period; it declined slightly but was almost the same at the end of the curing period. The Deep litter and Free range was intermediate between Battery cage and Kraal manure. A rise was noted and the end of the experiment and a similar trend has been noted by other authors as it can impede plant development (Majsztrik, Ristvey & Lea-Cox. 2011 ). The EC was highest in Battery cage at 3.1 mS _1 cm.
Soil Effects-pH, Electrical Conductivity, Respiration and Total Carbon Content
Soil respiration ( Figure. 1C ) for the different manures followed trends slightly similar to electrical conductivity especially at the beginning. Battery cage manure at 12 mg CO 2 -C/ kg had highest pre-curing respiration, followed by Free range (7.63), Deep litter (5.4) and Kraal manure lowest at 2 mg CO 2 -C/ kg -1
. Within 2 weeks of curing the respiration rate for all manures declined to below 4. The rate remained around this range at the end of the 12 week curing period where at 2.59 the kraal manure had the highest respiration rate and Free range the lowest at 0.94 mg CO 2 -C/ kg. The total carbon content (data not shown) fluctuated without clear pattern between 2 and 3 %. 
Changes in Manure Nitrogen Content
The nitrogen contents of the different manures are presented in Figure 2 . Battery cage manure had highest total nitrogen at 4.41 %, followed by Free range manure (3.16 %), Kraal manure (1.27 %) Deep litter (1.27 %). The contents declined gradually for all manures. At the end of 12 weeks curing Battery cage litter had highest total nitrogen (2.32 %, followed by Free range at 1.25 %, Deep litter (0.73 %) and Kraal manure the lowest at 0.35 %). Battery cage manure had the highest nitrogen content (4.5%) this could be due to a number of factors including the relatively long duration it was kept in the cages and thus more time for incorporation of urine and droppings. The concrete floor further prevented the leaching of nutrients. The Free range manure at about 3 % also had high nitrogen content. The Deep litter and Kraal manure had the lowest nitrogen content (1 -2 %). During curing the nitrogen content declined with curing duration. The decline was consistent in all materials, so that the end of 12 B C A ep.ccsenet.org Environment and Pollution Vol. 7, No. 2; weeks the concentrations were about 50 % lower in all materials. The decline of nitrogen is said to be due to high proteolytic activity (Mohamed, 2007) . Soil reaction expressed as pH is an important parameter determining root development and the ability of media to support plant development (Ivy, Builderback & Warren, 2002) . Initially the manure mixtures had an almost alkaline state but they later became acidic and pH declined to around 6. Kraal manure at the end of 12 weeks was at near neutral at around 7, the other 3 had lower pH close to 6.
Effect of Curing Duration, Manure Type and Mixing Ratio on Development and Yield of Rape
The effects of treatments on plant height and leaf fresh weight are shown in Figure 3 . Curing duration and manure type had very highly significant effects (p ≤ 0.001) on plant height but mixing ratio did exert any effect on leaf number. There were significant interactions between manure type and mixing ratio but there were no significant interactions between curing duration, manure type and mixing ratio. Plant height generally increased with curing duration with a slight decline at the 3 month duration. The increase in plant height was higher in the 2 month duration than the 3 month curing duration. The tallest plants were found in BC manure followed by the DL and FR (there was no difference between these 2). The shortest plants were found under the Kraal manure which was only three quarters of the BC. BC and FR manure had least response to curing duration compared to the other 2 manures. For FR increasing the proportion of manure from 3:1 to 1: 1 reduced plant (by 14 %) whereas in the Free range the rich mixture had almost 17 % taller plants compared to the weaker mixture. No differences were discernible for the BC and DL. The high manure ratio (1:1) treatments had a phyto toxic effect on plants and in the one month curing duration the Battery cage and Deep litter plants in 1:1 ratio all test plants died. For all the 3 composting durations Kraal manure had significantly shorter plants compared to the other 3 treatments. There was a trend of the 3:1 ratio treatments having taller plants compared to the 1:1 ratio treatments (except for the kraal manure where it was the 1:1 plants that were taller), the difference was significant especially for the Free Range treatment.
Leaf Weight
Rape in Zambia is grown for the leaves which are eaten as a vegetable and therefore, the fresh weight is an important production parameter. Leaf weight was influenced significantly by manure curing duration, manure type and mixing ratio with highly significant interactions between all the 3 variables. Leaf weight was lowest in the 1 month duration, increased and reached a maximum at 2 month curing duration and declined at the 3 month duration. Relative to the 1 month duration, the increase was about 50 % for duration 2 and 16 % for duration 3. The least leaf mass occurred in K, followed by FR, DL and the highest was in the BC which was almost 200 % more than the K treatment. The rich mixture treatment (1:1) had leaf weight which was 12.6 % heavier compared to the weaker mixture ratio (3:1) treatment. The interaction between curing duration and manure was very highly significant (p ≤ 0.001). Relative to the 1 month curing, for BC leaf mass increased by 64 % for the 2 month duration and declined by 21 % with the 3 month duration. DL litter was not affected by curing duration. The FR was similar to BC but the increments were almost twice those of BC. For K treatments only the 3 month duration caused significant increase (108 %) in leaf weight.
Manure type and mixing ratio interacted significantly relative to leaf weight. For BC and DL the 3:1 mixture had more leaf mass (about 20%) compared to the 1:1 mixing ratio. The FR range did not show any differences based on mixing ratio. In terms duration and mixing ratio, the weak mixture had significantly more leaf weight compared to the rich manure mixture (p ≤ 0.001) except for the 2 month duration where mixing ratio had no effect. Rape varieties grown in Zambia are leafy and therefore appear to be subjected less to effects on plant height compared to leaf mass.
Generally leaf area, was affected by manure type and curing duration and the performance was similar to plant height ( Figure 3B ). The Kraal manure plants had significantly lower leaf area compared to the other 3 treatments. Leaf mass trends were similar to those of plant height and leaf area. The higher manure to soil ratio treatments (1: 1) had significantly heavier leaves compared to those from low manure to soil ratio treatments ( Figure 3C ). Battery cage manure had highest rape fresh weight and Kraal manure was lowest in all plant development parameters (weight, height, leaf area and numbers). At 3 months composting in the BC and DL and K manures the rich 1:1 manure soil mixtures had heavier leaf mass compared to 3:1 mixtures. Leaf number was not influenced by the mixing ratio (data not shown) and consequently the only significant interaction was between curing duration and manure type.
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ep.ccsenet.org Environment and Pollution Vol. 7, No. 2; Table 2 shows the effect of mixing ratio and curing duration on survival of the rape test crop. At 3 months of curing Kraal manure had highest survivability of rape. There was no difference due to mixing rates, both had 100 % survivability. The FR had lowest survivability at 33 %. At one month curing for DL and BC the 1:1 ratio caused all plants to die, whereas the 3: 1 mixing ratio had 67 % survival. Survival increased with curing duration. At 2 months curing survival improved in Dl and BC which had previously low survival rates. The BC survival improved to 100 % similar to the Kraal manure. The DL at 1:1 ratio had the lowest rate of 67%. At 12 weeks except for BC at 3:1 all treatments had 100 % survival. Guo et al., (2014) working with pig manures suggested that aeration was the main factor influencing compost stability, while the C: N ratio mainly contributed to compost maturity, and moisture content had an insignificant effect on the compost quality. Turning the manure promoted air exchange and in the process increased oxygen levels which may have increased microbial activity and resulted in increase in soil/ manure stability. This trend was in line with changes in respiration rates, total carbon and also temperature. Generally Battery cage manure which had the highest nitrogen content generally maintained the highest temperatures and kraal manure which had lowest nitrogen also had lowest temperature. Wang et al. (2004) suggested that composts from cattle and pig manure were more stable when the respiration rates were below 1 mg CO 2 -C g -1 DM d -1 . Higher CO 2 emissions indicate unstable compost that needs further decomposition. In our study we found that Kraal manure had respiration below this threshold and was able to better rape survival. Plant survival was influenced largely by pH, respiration and curing duration. Bernal, Albuquerque & Moral (2009) noted that the application of unstable and immature compost fixes nitrogen in the soil thereby restricting plant growth by competing for oxygen in the rhizosphere and releasing toxic substances. Our results indicated that Battery Cage and Deep litter manures were high in nitrogen compared to Kraal manure or manure obtained from Free range chickens. However, the rich manures needed longer curing durations in order for them to mature. Increasing the use of manures in agriculture presents an effective and profitable means of disposal of poultry litter and also this prevents environmental pollution.
Effect of Curing Duration and Soil: Manure Ratios on Survivability and Yield of Rape
Our study revealed the heterogeneity of different poultry manures and the best ways to ensure effective use.
Plant performance was negatively affected especially in the one and two month durations.
Conclusion
The period starting mid-1980s, has witnessed a growing trend of intensified nursery production (Agro & Zheng, 2014) . Containerized plant production has been noted to be a major contributor to this intensification because it allows greater production per hectare, higher quality and faster growth (Agro & Zheng, 2012) . There are however risks associated with container production such as higher nutrient leaching in container-grown plant culture that need attention (Majsztrik, Ristvey & Lea-Cox., 2011) . The manures tested in this study have potential usefulness in container plant production which is an emerging important system for raising and maintaining plants in horticulture.
